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METHOD FOR ETHANOL PRODUCTION 
AND EXTRACTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of US. patent application 
Ser. No. 12/370,721 (noW issued as US. Pat. No. 7,972,825), 
entitled INTEGRATED APPARATUS FOR ETHANOL 
PRODUCTIONAND EXTRACTION, by Scott Sovereign et 
al., ?led Feb. 13, 2009, the disclosure of Which is hereby 
incorporated by reference in its entirety. 

BACKGROUND 

The present invention relates to an integrated apparatus for 
ethanol production and extraction, and more particularly 
relates to a self-contained system useable in small, mid-level 
and/ or large scale operations for manufacture of ethanol from 
organic stock, such as corn. HoWever, the present inventive 
concepts are not believed to be limited to only ethanol, nor to 
only fermentation of a corn mash, nor to only integrated 
systems. 

Recent energy needs (and high costs) in the United States 
have revived strong interest in using ethanol as a fuel source. 
HoWever, many knoWn processes focus on large sophisticated 
systems capable of generating large volumes of ethanol in a 
“factory-like” high-volume distillery. They often generate 
signi?cant amounts of environmentally unfriendly “non 
green” by-products (and pollutants) that must be disposed of, 
and further they consume large amounts of energy in order to 
manufacture the desired ethanol product. To the present 
inventors’ knowledge, a system has not been developed that is 
highly integrated and suf?ciently small to be portable and 
“self-contained,” nor that is integrated and energy e?icient in 
order to minimiZe use of external poWer. Further, in our 
opinion, to our knoWledge a system has not been developed 
that is “mechanically simple,” nor that uses knoWn technolo 
gies in a manner so that relatively untrained “common” 
people and farmers can run it. Further, any such system 
should preferably use non-exotic technologies and not be 
capital-intensive, so that it is affordable for small to medium 
siZed entities and farms. Still further, the system should pref 
erably be capable of providing signi?cant amounts of ethanol 
concentrated suf?ciently for use as combustible fuel, as Well 
as produce useable byproducts that are not environmental 
pollutants, and do so Without the need for large amounts of 
external energy. 

Typical ethanol extraction systems that We knoW of heat 
and/or dry mash at relatively high temperatures, and then 
collect ethanol after it is created by fermentation. The mash is 
often a ground corn mixed With Water and With yeast and/or 
enZyme. A problem is that these systems use a lot of external 
energy to create ethanol. Further, they also create a lot of 
Waste Water and inconsistent by-product feed supplement. 
For example, in our opinion, the “spent mash” (i.e., the 
remaining distillers grains after fermentation has ended) from 
knoWn “heat-added” processes is often inconsistent in feed 
quality for various livestock due to its altered (loWered) nutri 
ent value caused by excessive heating during the distillation 
and distillers grains drying process. This problem is aggra 
vated and made Worse by “over-cooking” or over-heating of 
the mash during the fermenting process. We note that, in 
knoWn apparatus and methods, high heat and over-heating 
often occurs in an attempt to speed up the process. 

SUMMARY OF THE PRESENT INVENTION 

In one aspect of the present invention, a method for pro 
ducing and separating ethanol from mash using modular con 
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2 
structions, comprises steps of providing a support frame, 
providing a mash circulating-and-fermenting-and-recirculat 
ing system including ?rst pipes and connectors adapted for 
connection to a mash fermentation tank and a pump, provid 
ing an atmosphere circulating-and-recirculating system 
including second pipes and connectors adapted for connec 
tion to the mash fermentation tank and a bloWer, and provid 
ing a refrigerating/heat-transfer system With lines and a com 
pressor for motivating compressible coolant ?uid to ?oW 
through the ?rst coils at the Warming station and the second 
coils at the ethanol-removing station. The method further 
includes constructing a modular unit by supporting on the 
support frame portions of the ?rst and second pipes and 
connectors, and also supporting on the support frame the 
refrigerating/heat-transfer system including the compressor, 
the ?rst coils, and the second coils, moving the modular unit 
to an installation site, and positioning a fermentation tank 
adjacent the modular unit adjacent, and then connecting the 
portions of the ?rst and second pipes and connectors With 
remaining parts of the ?rst and secondpipes and connectors to 
provide a functional system. 

In another aspect of the present invention, a method for 
producing and separating ethanol from mash, comprises steps 
of providing an integrated system including a mash circulat 
ing-and-fermenting-and-recirculating system, an atmosphere 
circulating-and-recirculating system, and a refrigerating/ 
heat-transfer system. The method further includes operating a 
pump in the circulating-and-fermenting-and-recirculating 
system to move mash from a fermentation tank to a Warming 
station With ?rst coils and then to move the mash back into the 
tank to facilitate mixing and fermentation, simultaneously 
operating a bloWer in the atmosphere circulating-and-recir 
culating system to draW ethanol-laden atmosphere off of the 
fermentation tank, and then move the ethanol-laden atmo 
sphere past second coils in an ethanol-removing station to 
Wring out an ethanol/Water mix and leave a remaining atmo 
sphere, and move the remaining atmosphere back to the fer 
mentation tank, and simultaneously operating a compressor 
in the refrigerating/heat-transfer system to move coolant ?uid 
from the ?rst coils in the ethanol-removing station Where heat 
is removed from the atmosphere as part of Wringing out the 
ethanol/Water mix to the second coils Where heat is removed 
from the coolant ?uid to Warm the mash in the Warming 
station. 

In a narroWer aspect, the pump, bloWer, and compressor are 
all electrically driven. Further, it is contemplated that the 
pump, bloWer, and compressor can all be operated on single 
phase poWer. 

In another aspect of the present invention, a method for 
producing and separating ethanol from mash and then further 
concentrating the ethanol comprises steps of providing an 
integrated system including a mash circulating-and-ferment 
ing-and-recirculating system, an atmosphere circulating 
and-recirculating system and a refrigerating/heat-transfer 
system, and the mash circulating-and-fermenting-and-recir 
culating system including a ?uid tank. The method includes 
operating the integrated system With the ?uid tank ?lled With 
fermenting mash to generate and collect a ?rst mixture of 
ethanol and Water, the ?rst mixture having a ?rst concentra 
tion of ethanol. The method further includes emptying the 
mash from the ?uid tank, putting the ?rst mixture into the 
second ?uid tank, and operating the second integrated system 
on the ?rst mixture to generate a second mixture of ethanol 
and Water, the second mixture having an increased concen 
tration of ethanol. 
An object of the present invention is to provide an appara 

tus incorporating a refrigeration system With an ethanol gen 
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erating and extraction system in a Way that uses minimal 
external energy, yet that yields a relatively high percentage of 
ethanol per unit of mash, and that yields byproducts that are 
good food for optimal livestock production (as Well as fuel 
grade alcohol). 
An object of the present invention is to provide a highly 

e?icient, self-contained and portable ethanol generating and 
recovery system that is small enough and loW cost enough for 
smaller farms, yet it can be up scaled for use in larger facilities. 

These and other aspects, objects, and features of the 
present invention Will be understood and appreciated by those 
skilled in the art upon studying the folloWing speci?cation, 
claims, and appended draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic draWing shoWing relationship of three 
systems in the present fermentation and ethanol extraction 
process, the systems including a mash-recirculating and fer 
mentation-and-recirculating system, a CO2 atmosphere cir 
culation and recirculation system (also called a “vapor 
removal system”), and a refrigerating heat-transfer system 
(also called a “BTU recapture system”). 

FIG. 2 is a side elevational vieW of a particular arrangement 
of components from FIG. 1, FIG. 2 including a frame and 
mechanical details of the particular components on the frame 
to form a subassembly, With the subassembly being betWeen 
a mash fermentation tank and an ethanol collection tank, FIG. 
2 shoWing a particular arrangement of those components, 
such that the apparatus is portable, modular, and the three 
“sub-systems” are Well integrated. 

FIG. 2A is a top vieW of the mash fermentation tank from 
FIG. 2. 

FIGS. 3 and 3A combine to form a ?uid diagram shoWing 
interconnection of components, FIGS. 3 and 3A being very 
similar in components and arrangement, but FIG. 3 taking 
corn mash to generate an ethanol output of about 10%-30% 
ethanol, and FIG. 3A taking the output from FIG. 3 to general 
an ethanol output of about 90%-98% ethanol. 

FIG. 4 is a side cross sectional vieW of a modi?ed heat 
exchanger (24) that is not unlike the heat exchanger 24 in 
FIGS. 3 and 3A. 

FIG. 5 is a side vieW of a static spray noZZle (also called a 
“spreader” herein). 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present system is highly e?icient, self-contained, por 
table, system that is small enough and loW cost enough for 
smaller farms, yet it can be up-scaled for use in medium to 
large facilities. It incorporates and integrates a refrigerating 
system With its ethanol extraction system in a Way that uses 
minimal external energy, yet that yields a relatively high 
percentage of ethanol per unit of mash. Further, its byproduct 
of spent mash (i.e. the distiller’s grains product) includes a 
high nutrient value, since the nutrients are not destroyed by 
heating. Thus, the byproduct of spent mash is good food for 
livestock. Further, the ethanol produced is su?iciently con 
centrated for use as a fuel. 

In the present disclosure, in areas relating to alcohol pro 
duction in general, the discussion refers to “Water soluble 
oxygenated hydrocarbons” (e.g., alcohol), because this appa 
ratus and method Will Work on all alcohols. In areas relating 
to a process speci?cally producing predominantly ethanol, 
We use the Word “ethanol.” HoWever, We are not intending this 
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4 
description and language to be unnecessarily limiting in the 
folloWing description and/or claims. 
The present system integrates and combines a mash circu 

lating-and-fermenting-and-recirculating system, an atmo 
sphere circulating-and-recirculating system (also called a 
“CO2 atmosphere circulating-and-recirculating system” 
herein), and a refrigerating/heat-transfer system. Speci?cally, 
the mash circulating-and-fermenting-and-recirculating sys 
tem moves mash from a fermentation tank to a Warming 
station and then sprays the mash back into the tank to facili 
tate mixing and fermentation and evaporation/removal of 
additional ethanol from the fermentation tank. The atmo 
sphere circulating-and-recirculating system draWs ethanol 
laden atmosphere (also called “CO2 carrier atmosphere”) off 
of the fermentation tank, sends it past cooling coils to Wring 
out an ethanol/Water mix, and bloWs the remaining atmo 
sphere back to the fermentation tank. The refrigerator/heat 
transfer system includes cooling coil(s) Where heat from the 
atmosphere is removed to separate out the ethanol/Water mix 
from the atmosphere (i.e., the coolant ?uid is heated) and 
second coils Where heat from the coolant ?uid Warms re 
circulating mash (i.e., the coolant ?uid is cooled). 
The folloWing lists part numbers and component names: 

20iOverall system 
21ialcohol/Water mixture or fermenting mash liquids tank 

(‘fermentation tank”) 
22 alcohol/Water mixture or fermenting mash liquids (AW 
FML) (“fermenting mash”) 

23iAWFML (22) pump (“mash pump”) 
24iHeat ExchangeriCondenses HPRV(26D) to heat 
AWFML (2) liquids and condensed HPRL (26) (“mash 
Warming station”) 

25iAWFML (22) Spray NoZZles (“spray noZZles With static 
distributer”) 

26iHigh Pressure Refrigerant Liquid (HPRL) 
26A13 Subcooled High Pressure Refrigerant liquid uses SC 

(31) to cool HPRL (26) With cold CO2 gas (29A) 
26BiLOW Pressure RefrigerantVapor/Liquid (LPRVL) uses 
EV (3 6) create LPRVL In Pipe (26B) to Cooling Coil (30) 

26CiLOW Pressure Refrigerant Vapor (LPRV) uses Cooling 
Coil (30) to condense Vapors from Saturated CO2 gas in 
Pipe (29) 

26DiHigh Pressure Refrigerant Vapor (HPRV) from Com 
pressor (35) to condensing HXCH (24) 

28iTransfer pipe from AWFML (22) in Tank (21) to Pump 
(23) 

28AiTransfer pipe from Pump (23) to HXCH (24) 
28BiTransfer pipe from HXCH (24) Spray noZZles (25) 

With AWFML (22) 
29iTransfer pipe from Tank (21) headspace to Cooling Coil 

(3 0) With CO2 gas Saturated With alcohol and Water vapors 
29AiTransfer pipe from Cooling Coil (30) to Subcooling 

Coil (31) With cold dry CO2 Gas 
29BiTransfer pipe from Subcooling Coil (31) to CO2 

bloWer (34) With reheated Dry CO2 gas 
29CiTransferpipe from CO2 bloWer (34) to Tank (21) head 

space 
30iCooling Coil uses expanding LPRVL in Pipe (26B) to 

condense alcohol/Water Vapors from Pipe (29) (“atmo 
sphere cooling, ethanol-removing station”) 

31iSubcooling Coil uses dried cold CO2 gas from Pipe 
(29A) to subcool HPRL in Pipe (26) to Pipe (26A) (“sec 
ondary ethanol-removing station”) 

32iCondensed alcohol/Water liquids from Cooling Coil in 
Pipe (30) 

33iCondensed alcohol/Water Tank (“ethanol collection 
tank”) 
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344CO2 Blower causes CO2 gas to ?oW through the CO2 
circuit 

35iRefrigerant Compressor compresses LPRV (26C) into 
HPRV (26D) 

36iRefrigerant ExpansionValve (EV) causes a pressure and 
temperature drop From HPRL (26A) to LPRVL (26B) 

37iDiluted Alcohol/Water tank 
38iDiluted Alcohol/Water mixture 
39iRe?ux Condenser Coil 
40iExtended surface area ?ll 
41iHeat Exchanger-Preheating Water heat exchanger 
42iPreheating/cooling process Water pump 
43iPreheating/cooling process Water 
44iPreheating/cooling process Water tank 
45iAlcohol/Water mixture pump 
464Concentrated alcohol/Water liquid 
474CAWL tank 

It is noted that the system shoWn in FIG. 3 can be used to 
generate an ethanol mix of about 10% to 30% ethanol, and 
further after cleaning, can be used a second time in a manner 
like that shoWn in FIG. 3A to purify the ethanol mix up to 
about 70% to 98% ethanol. For this reason, many of the same 
component numbers are used in both FIG. 3 and FIG. 3A. 
Thus, the present system is highly ef?cient, portable, and 
small enough and loW cost enough for smaller farms. HoW 
ever, the present system is up-scalable to produce higher 
volumes, faster cycle times, and higher concentrations of 
ethanol. The present system as shoWn is basically a batch 
type system capable of running as feW as a couple days, or 
capable of running longer runs such as 7-10 days, as 
described beloW. 

Speci?cally, the present system 20 includes a fermentation 
tank 21 With “concentrated” mash (e.g., as little as 9 gal Water 
compared to the usual 18 gal used in existing systems per 
bushel of ground corn and yeast for fermentation). Mash ?uid 
22 is draWn off a bottom of tank 21 and pumped via pump 23 
through a refrigerating coil 24. The refrigerating coil 24 takes 
(BTU) heat from the high pressure refrigerating vapor 26D 
(cooling the refrigerating vapor 26D) and puts the heat into 
the mash or alcohol/Water ?uid 22 (thus heating mash ?uid 
22). The heated mash ?uid 22 is then sprayed back into the 
tank 21 via spray noZZles 25. 

The fermentation creates an alcohol/Water mixture in ?uid 
22 Which produces a CO2/ethanol/Water-vapor atmosphere in 
the headspace of tank 21 in proportion to the partial pressures 
of the alcohol, Water and CO2 (such as 10-55% alcohol, 
depending on the concentration of alcohol in the ?uid 22). 
The headspace atmosphere from tank 21 is piped through line 
29 to refrigerating coil 30 and subcooler coil 31. An ethanol 
containing product 32 With relatively high ethanol content 
(such as 10-55%) condenses on the coil 30, and falls into the 
collection tank 33. Warm high pressure liquid 26 is subcooled 
in coil 31 by the cold CO2 gas from the cooling coil 30. An 
expander valve is positioned betWeen the coils 30 and 31 for 
alloWing the high pressure refrigerant liquid 26A to expand 
(causing it to absorb energy) and become loW pressure refrig 
erating vapor/ liquid 26B. The refrigerating vapor 26B 
absorbs heat becoming loW pressure refrigerating vapor 26C 
in coil 30 and is then communicated to compressor 34 Where 
it is again pressurized to become high pressure refrigerating 
vapor 26D, and then is communicated to coil 24. A CO2 
atmosphere bloWer 34 draWs atmosphere from coils 3 0 and 3 1 
and moves it back into the headspace in tank 21. Notably, the 
presence of CO2 in the carrier atmosphere assists the process 
by providing a good “clean” unreactive atmosphere for pick 
ing up the ethanol from the fermentation tank, and then for 
passing the ethanol-laden atmosphere through the ethanol 
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6 
removal station Where the atmosphere is cooled to condense 
out ethanol and Water. The present inventors are not aWare of 
any other system that recirculates a C02 carrier atmosphere as 
in the present system. 
The system takes a While (such as 10 to 20 hours) for the 

fermentation process to reach su?icient concentrations of 
alcohol to start the alcohol removal system, and can operate 
for 4 to 12 days (or longer if mid-run feed stock additions are 
made, as discussed beloW). Once operational, the illustrated 
system puts out signi?cant ethanol. Further, alcohol is carried 
aWay, such that the fermenting enZymes don’t “kill” them 
selves in their oWn Waste. Further, the system runs longer (up 
to tWice as long as knoWn systems) and generates more etha 
nol per unit mash (up to tWice as much as compared to other 
knoWn systems, such as 20% ethanol instead of 10% ethanol). 
This alloWs the present system 20 to run longer than other 
systems before it must be shut doWn for distiller’s grains 
product removal (i.e., “spent mash”). 

It is noted that the present batch time period of operation 
can be extended. For example, it is contemplated that the 
ethanol-generating cycle can be increased by adding (once or 
multiple times) supplemental mash into the system. For 
example, by pumping a cooked starch or sugar system peri 
odically (e.g., once daily) into the circulating fermentation 
tank, an operator can balance alcohol concentrations that are 
Within the yeast tolerance levels and extraction rates of the 
present vapor removal system. In a simultaneous sacchari? 
cation and fermentation process, one Would intermittently 
add a ground starch feedstock (such as corn, Wheat, potatoes, 
etc.) to maintain the proper alcohol levels for the speci?c 
yeast and enZymes. These additions could continue until the 
remaining solids content causes high ?uid viscosity in Which 
it is no longer practical to pump. The vapor extraction e?i 
ciency is a factor of alcohol concentration and mash tempera 
ture so that, the higher either parameter is, the more ef?cient 
the extraction. The same procedure for sugar stocks (sor 
ghum, sugar beets, sugar cane, etc.) could be used, but With 
out the starch to sugar converting processes. 

Further, in the present system, the spent mash (also called 
the “distillers grains product” and also “Wet distillers grains” 
(WDG) has excellent nutrient value (consistently better than 
distillers grains and solubles that have been distilled and dried 
at a higher temperature). In particular, the present distillers 
grains product has nutrients important to livestock (and With 
higher nutrient value), such that the present distillers grains 
product can be used in combination With loWer value feed 
stock to feed livestock With higher production ratios. (In prior 
art knoWn systems that use high temperature distillation/ 
drying, the distillers grains product has a greater potential of 
reducing/ destroying nutrient value than this present system’ s 
distillers grains, such that the prior art knoWn systems product 
byproducts that are less effective for use as a feed for live 
stock, since they are unable to consistently recover good 
nutrients for optimal livestock production, noting further that 
nutrients are often destroyed in the prior art knoWn systems 
by accidental or intentional high-heating of the mash.) 

Speci?cally, in our experience, the spent mash byproduct 
created by the present system has a higher nutritional value 
than the byproduct of knoWn ethanol producing system, such 
as 2x to 4x more nutrient value. Thus, the present spent mash 
byproduct is good (i.e., much better) food for livestock. A 
reason for this is believed to be because extraction occurs at 
loW temperatures in the present system (i.e., 100 degrees 
Fahrenheit or less), versus a much higher temperature (e.g., 
300-500 degrees in prior art knoWn systems) that the mash 
might be exposed to in current large ethanol plants. Thus, 
temperature sensitive nutrients such as protein and oils in the 
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spent mash retain more of their bene?cial feeding properties 
With regards to livestock. Remaining Wet distillers grains 
(WDG) in the present system may be betWeen 11-30%+dry 
matter, depending on hoW Water Was used in the production 
process; this WDG is Wet enough to be pumped and stored for 
extended periods in a holding tank using the excess CO2 
created by fermentation to blanket and preserve the WDG. 
The WDG Would then be mixed as needed With dry feed 
substrate (e.g., corn stocks, straW or loW quality hay/ grass) to 
create a 50-70% moisture feed for livestock, reducing the 
amount of Water needed by livestock to balance dry matter 
intake. In effect, one bushel of corn, for instance, Would 
actually produce 78 lbs. to 100 lbs. dry matter of high quality 
livestock feed. 

The present apparatus and system can be readily up-scaled. 
An enlarged system Would produce a slight ef?ciency gain 
and loss of some portability. For example, a system that is 
capable of producing more than 20,000 gallons of alcohol per 
year may not be transportable on a single ?atbed semi truck, 
Whereas a system of half that annual production capability 
potentially could be. DoWn scaling the system Would reverse 
the effects of enlarging it (stated above). 

EXAMPLE 

Example Startup, Middle Run, Mid-Run Feed Stock 
Addition, and End Run 

A. Start Up and Fermentation 
1) Disinfect 5,000 gal tank 21, pipe 28, 28A, 28B, spray 

nozzles 25 and pump 23 of bacteria by ?lling tank 21 With 
50 gallons of 10% hydrous ammonia and starting by pump 
23. The hydrous ammonia raises the pH and kills undesir 
able bacteria. 

2) Add 1,150 gal of 100 degree F. H2O to the hydrous ammo 
nia in tank 21, using components 41-44 to provide the 
pre-War'med Water. 

3) Adjust the pH in tank 21 (monitored by PLC) to 4.3-4.2 
using citrus acid or 10% NH3 solutions. 

4) Mix up to 50 bushels (e.g., about 2800 lbs.) of feed stock 
(We used ground corn) into tank 21. 

5) Repeat step 3 as necessary. 
6) Add 16 oz. ofyeast and 16 oz. ofenzyme to tank 21 Which 

reacts With the mash 22 in tank 21, beginning fermentation 
(enzyme needs to be added if the feedstock is starch based 
and not sugar based such as molasses). Mixing by pump 23 
continues until fermentation is Well underWay, With the 
enzyme changing the feedstock starch into simple sugars, 
and the yeast feeding on the sugars and the resulting fer 
mentation produces CO2 and alcohol. All the While, desired 
temperature is maintained using components 41-44. 

7) The mash created by the preceding processes is being 
sprayed through nozzles 25 into tank 21 by pump 23. The 
spraying action exposes a substantial amount of CO2 
vapors to the alcohol vapors Which attach themselves 
together and both evaporate. We test the alcohol content of 
the mash periodically and When it reaches 3% We knoW the 
CO2 vapors are saturated With alcohol vapors enough to 
begin our refrigerated alcohol removal and dehydration 
process. 
B. Mid Phase: Alcohol Removal and Dehydration. 

1) Start 3 hp compressor 35 and 1/4 hp bloWer 34. BloWer 34 
Will be controlled by a speed drive and operate at 1,750 rpm 
to provide 70 CFM volume of vapors being circulated 
through the refrigeration alcohol removal/ dehydration sys 
tem. 
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2) BloWer 34 Will circulate alcohol atmosphere saturated With 
CO2 vapors from the top of tank 21 through pipe 29. The 
CO2 vapors Will be saturated With approximately 5 to 10 
times the concentration of alcohol content in tank 21 mash. 
(For example, a 3% mash alcohol concentration Will result 
in approximately a 15%-30% alcohol concentration in the 
CO2 carrier atmosphere).The saturated CO2 vapors enter 
cooling coil 30 operating at 95 degrees F. The alcohol and 
Water vapors condense out of the CO2 and drop into tank 33 
at the rate of 24# per hr., leaving dry, cooled CO2 vapors to 
return through pipes 29A, 29B and 29C to tank 21. The 
volume or air How and the cooling temperature of the coils 
30 and 31 are coordinated to achieve an optimal conden 
sation and drip-off rate of condensed ETOH/H2O liquid. 
For example, a temperature of about 15 degrees F. for the 
ethanol-laden CO2 atmosphere creates good extraction of 
ethanol from the CO2 carrier atmosphere. 

3) Compressor 35 creates heated high pressure refrigerant 
vapors (HPRV) through pipe 26D. The HPRV changes to a 
liquid through heat exchanger 24. Heat exchanger 24 also 
heats mash 22 moving via pump 23 through pipes 28A, 
28B offsetting the temperature of the cool, dry CO2 retum 
ing to tank 21 via bloWer 34 through pipe 29C. High pres 
sure refrigerated liquid coming out of heat exchanger 24 
through pipe 26 gets cooled further through sub cooler 31, 
enters pipe 26A and is changed to loW pressure refrigerant 
vapor/liquid (LPRVL) through expansion valve 36. The 
LPRVL enters cooling coil 30 through pipe 26B and exits 
as loW pressure refrigerated vapors through pipe 26C com 
pleting the cycle back to compressor 35. 

4) Any excess heat buildup, due to heat of fermentation or 
compression, can be removed by using a Water-tempera 
ture-control loop (i.e., components 41-44) Which con 
serves energy by using a Warm Water storage tank 43/44 
that Will supply Water for the next production cycle using 
reheating via a Water heat exchanger. 
C. Mid Run Feedstock Addition. 

1) The percentage of feedstock added during start up is lim 
ited by the viscosity of mash 22 and the ability of pump 23 
to move this mash. Because We are able to remove alcohol 

content from the mash via our CO2/ethanol stripping sys 
tem (i.e., the atmosphere circulating system and the mash 
circulating system combine to e?iciently “strip” and 
remove alcohol from the mash), We are able to add more 
feedstock in the middle of the fermentation cycle. This in 
turn rejuvenates the fermentation cycle and gives us the 
ability to use less gallons of Water per unit of feedstock (as 
little as 9 gal per bushel of ground corn in our system) for 
the production of food and alcohol. 

2) Therefore, as the yeast starts running out of food in mash 
22, the CO2 produced in tank 21 starts to drop. We then add 
up to 50 bushels of feedstock to tank 21, Which rejuvenates 
the fermentation process. This usually happens Within 60 
hours of start-up. Once again, the amount of feedstock 
added is limited by the viscosity of mash 22 to be such that 
pump 23 can move it. 
D. Finish Phase. 

1)As the fermentation in the tank 21 stops, the CO2 produced 
in tank 21 drops to zero. The fermentation process is then 
complete. For example, this can take about 150 hrs from 
start up (if no mid-run feed additions are made). We con 
template that the refrigerated condensing process can con 
tinue With some bene?t until mash 22 is reduced to 0.7% 
ethanol content (or thereabout). 

2) The system is shut doWn and mash 22 is moved With pump 
23 to a livestock feeding operation. Advantageously, the 
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spent mash 22 Will have a fat content about equal to that of 
the feedstock and also have a protein content of approx 
35%-40%. 

3) The process of yeast consuming the hydrous ammonia and 
the feedstock has produced 1,650 lbs dry matter of mash 22 
content from 5,600 lbs of feedstock (15% moisture) (corn 
in our case) (i.e., about 1/3 of the original dry matter left, 
about 2/3 of original dry matter gone). The process has also 
produced 640 gal of 38% volume to volume (i.e., “v/v”) 
ethanol to be run through our StepWiseAlcohol Distillation 
(STEAD) process resulting in 320 gal of 74% v/v ethanol, 
or, using our modi?ed STEAD process, resulting in 253 gal 
of 95% v/v ethanol. 
In the above example, in FIG. 3, the pump 23 has suf?cient 

horsepoWer to pump mash With clumps and/ or thick mash as 
may be encountered, such as 2-5 hp. HoWever, under normal 
operating conditions, the pump need only be about 1 hp or 
less, using about 0.66 KW. The bloWer 34 under normal oper 
ating conditions need only have about a 1A hp motor. The 
refrigerant compressor 35 can be driven by a 3 hp motor, 
using about 21/2 KW and the compressor having a 5.0 COP. 

System Advantages: 
1) Small footprint, and portability. The present system can be 
made modular and as a portable/transportable single unit or 
feW interconnectable sub-units. 

2) Relatively loW cost/loW capital investment: The present 
system does not use separators (i.e. screW-type presses or 
centrifuges, Which are expensive), nor large distillation 
columns (Which are also expensive) or steam boilers 
(Which is expensive, as Well as potentially expensive to 
maintain and/or control, along With safety haZard issues). 

3) Versatile sizing: The present system can be incrementally 
up-siZed or doWn-siZed for virtually any quantity of output. 

4) Versatile operation: The present system can be adjusted to 
use a Wide variety of different raW materials to form its 
mash. 

5) Economical” The present system potentially can use one 
poWer source operating its small refrigeration equipment 
and pumps. 

6) Practical: The present system is able to be operated on 
single phase poWer for small or isolated facilities. Further, 
the present system can be operated via 3 phase electrical 
poWer for larger operations, as Well as be able to supply 
fuel for its oWn poWer generation in places Where electrical 
poWer is not available or is obsolete. 
By using corn for the mash, the above-disclosed system 

can produce about 2.5 to 2.8 gallons of 90-95% ethanol from 
one bushel of com (56 lbs. at 13% moisture). Further, it can 
produce byproduct spent mash having approximately 17 
lbs.@35%-40% protein of dry matter. This spent mash can be 
added to and mixed With organic material normally left in a 
?eld to form 78-100 lbs. of a feed mixture Well-suited for 
livestock (i.e., containing 13-18% protein). For example, the 
organic material normally left in a ?eld does not have su?i 
cient nutrients to merit feeding it to livestock. HoWever, if 
mixed With the spent mash to form a feed mix of about 
50-70% moisture, it becomes a good nutritious feed. Further, 
the 50/ 50 ethanol/Water liquid collected from the fermenta 
tion extraction process can be used as a fuel (such as With 
diesel fumigation systems). The (extemal-supplied) energy 
input Will be around 1.5 kWh per gallon (kiloWatt hour per 
gallon) Without any other (external) fossil fuel input for pro 
viding external energy into the system. 90% to 95% ethanol 
Would require another 1 kWh per gallon, but this Would be 
produced again Without any additional (external) fossil fuel. 
The present system does not require boilers, steam, natural 
gas or any other form of combustible fuel, thus minimiZing 
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10 
the risk of ?re and/or burns from high temperature surfaces. 
This system’s only energy (in steady state mode) is supplied 
by a small refrigeration system using only electricity. VOC 
(volatile organic compositions) emissions are substantially 
reduced and are condensed into the ethanol/Water fuel 
byproduct. No organic substance or solution makes contact 
With a high temperature surface, nor is there any material that 
leaves a baked-on residue that must be scrubbed or cleaned 
after the distillation process is ?nished. (The present system 
operates at less than 95 degrees F.) Alcohol vapors are 
removed and condensed directly from the fermentation pro 
cess While it is fermenting. This contrasts sharply With large 
ethanol generating plants, Where high-temperature opera 
tions generate large VOC volumes, requiring large (and 
expensive) emission scrubbers and emission reducing equip 
ment. 

It is contemplated that optimal operations Would pump 
from a cooked starch to sugar system periodically (e.g., once 
daily) into the circulating fermentation tank in order to better 
balance alcohol concentrations to Within the yeast tolerance 
levels and for optimal extraction rates in the vapor removal 
system (atmosphere circulation system). In a simultaneous 
sacchari?cation and fermentation process, one Would inter 
mittently add a ground starch feedstock (such as corn, Wheat, 
potatoes, etc.) to maintain the proper alcohol levels for the 
speci?c yeast and enZymes. These additions could continue 
until the remaining solids content causes high ?uid viscosity 
in Which it is no longer practical to pump. The vapor extrac 
tion e?iciency is a factor of alcohol concentration and mash 
temperature so that, the higher either parameter is, the more 
e?icient the extraction. The same procedure for sugar stocks 
(sorghum, sugar beets, sugar cane, etc.) could be used, but 
Without the starch to sugar converting processes. 

FIG. 3 shoWs a system for collecting 10% to 55% ethanol 
liquid. FIG. 3A shoWs a second system for increasing ethanol 
concentration to about 50%-98%, depending on speci?c 
operating parameters. It is noted that the apparatus shoWn in 
FIG. 3 is basically repeated in FIG. 3A, and in fact, the system 
of FIG. 3 can be cleaned and re-used in place of the second 
system of FIG. 3A. Speci?cally, the present system includes 
a tank 33 Which contains an alcohol/Water ?uid mixture 32 
that is draWn from the bottom of tank 33 and pumped via 
pump 45 through spray noZZles 25 onto a refrigerant con 
denser coil 24. The mixture 32 is partially vaporiZed into the 
CO2 stream in pipe 29C that ?oWs counter-currently upWard 
While mixture 32 ?oWs doWnWard due to gravity thus ema 
nating as vapors a portion of the alcohol from mixture 32 into 
the rising CO2 stream from pipe 29C. The refrigerant con 
denser coil 24 takes heat (BTU) from the high pressure refrig 
erant vapor 26D, cooling the refrigerant vapor and emitting 
heat into the rising CO2 stream from pipe 29C and the falling 
alcohol/Water (?uid 32). The diluted alcohol/Water ?uid 38 
then falls into the tank 37 via gravity. The CO2 stream exits the 
top refrigerant condenser coil 24 through pipe 29 enriched 
With concentrated alcohol vapors. Any excess heat buildup, 
due to heat of fermentation or compression, Will be diverted to 
a Water loop Which Will go to a Warm Water storage tank that 
Will supply Water for the next production cycle using a pre 
heating Water heat exchanger. 
The CO2 and alcohol vapors stream is transferred to refrig 

erant cooling coil 30 through pipe 29. The refrigerant cooling 
coil 30 condenses the entrained alcohol vapors from the CO2 
stream and the concentrated alcohol/Water liquids 46 to fall 
into tank 47 via gravity. The remaining CO2 stream is con 
veyed to the CO2 bloWer (34) by pipe 29A. 

It is contemplated that a modi?ed stepWise alcohol distil 
lation process from alcohol ?uid mixtures can be used to 
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produce near aZeotropic alcohol ?uid mixtures. The appara 
tus of FIG. 4 raises an alcohol/Water ?uid concentration up to 
its subsequent saturated aZeotropic vapor equilibrium con 
centration (i.e., takes 10% v/v liquid ethanol/Water mixture to 
95% v/v or higher). The modi?cation uses a length of duct 
containing a packing material 40 to alloW for suf?cient sur 
face area to ensure adequate concentration equilibrium 
betWeen the liquids falling doWnWard from the re?ux con 
denser coil 39 located in the duct above the packing material 
40 and the CO2 stream containing alcohol/Water vapors ema 
nating upWard from the refrigerant condenser coil 24 beloW. 
Any excess heat buildup, due to heat of fermentation or com 
pression, Will be diverted to a Water loop Which Will go to a 
Warm Water storage tank that Will supply Water for the next 
production cycle using a preheating Water heat exchanger. 

There are several advantages to the present system over 
knoWn systems. Focus on these items as you search. 1) The 
system uses a relatively loW Wattage motor to run the com 
pressor 34, and there is no other external heat adding or 
“cooking” device in the system, such that energy costs are 
very loW. 2) The absence of high heat alloWs the present Waste 
to be excellent feed for livestock (especially Where milk fat is 
important in the milk produced), making the present system 
much more environmentally friendly and ecological since it is 
not land-?lled or otherWise disposed of. 3) The present sys 
tem provides more ethanol per unit mash. 4) The system is 
simple enough and uses knoWn technologies, such that a 
typical small farm can make the investment, operate it, and 
maintain it. 5) The present system can be made small and 
portable, or up-siZed for larger entities and operations. 6) The 
present system sprays heated mash onto a static spreader as a 
Way of accelerating evaporation of ethanol/Water mix. 7) The 
present system combines and integrates a mash circulating 
system, an atmosphere circulating system, and a refrigerator/ 
heat-transfer system. 

In regards to using the Word “alcohol” or ethanol,” the 
present apparatus and methods, the present concepts are dis 
closed in terms of a system generating ethanol. HoWever, it is 
contemplated that the present inventive concepts are appli 
cable to other areas Where the process is talking about alcohol 
production in general. In the present disclosure, Where We 
discuss alcohol production, We refer to “Water soluble oxy 
genated hydrocarbons” because the present apparatus and 
process Will Work on all alcohols. HoWever, in areas Where We 
are referring to the disclosed speci?c process that We are noW 
using for testing to produce predominantly ethanol, We use 
the Word ethanol. 

FIG. 5 shoWs a static noZZle 25 (also called a spray noZZle 
herein). The illustrated tank 21 (FIG. 2A) has four such 
noZZles positioned uniformly around its top at locations a 
reasonable distance from the side Wall of the tank 21, such as 
about 1-2 feet. A location of the noZZle 25 is intended to 
uniformly distribute mash being pumped back to the tank, so 
that the mash optimally spreads out at it falls to a bottom area 
of the tank. Further, the noZZle locations cause mash to hit and 
spread out on the side Wall, such that the mash forms a 
relatively-thin mass sliding/?owing doWn the side Wall. This 
further assists in evaporating ethanol into the tank’s atmo 
sphere, thus assisting in the extraction process by both agita 
tion and also increased exposed surface area of the mash for 
evaporation of ethanol. 

The illustrated noZZle 25 (FIG. 5) includes a pipe nipple 50 
such as 11/4" diameter, With a through-hole passageWay 
adapted to pass/?oW about 30-50 gallons/minute of the mash 
per noZZle 25. The noZZles 25 can be attached to the top of the 
tank by knoWn means, such as by a threaded portion engaging 
the tank or a nut on the tank. An S-shaped bent-Wire arm 51 
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extends from the loWer end of the nipple 50 to about an inch 
beloW the nipple, Where it supports a horizontally-oriented 
distributer plate 52. The distributer plate 52 includes a center 
attached to the loWer end of the arm 51 directly under a center 
of the nipple 50, and includes fan-like triangular ?ngers 53 
extending radially, With short radial slots therebetWeen. By 
this arrangement the distributer plate 52 is con?gured to 
de?ect and distribute the mash as it is pumped through the 
nipple 50, With the mash being de?ected outWard to de?ne a 
non-uniform fan-shaped pattern of falling material. Opti 
mally, nipple 50 creates/exposes substantial surface area in 
the falling mash. Generally stated, the more surface area the 
better, With the falling mash falling not as a sheet, but instead 
as a gently falling pattern of droplets much like a rain shoWer. 
For example, the present noZZle is not totally unlike a dis 
penser head on a sprinkler of an automatic sprinkler system 
often used in o?ice buildings, Which are designed for drop 
ping large Water drops across a ?oor surface, With minimal 
points of concentration. As noted above, a portion of the 
falling pattern of mash engages and runs doWn the side Wall of 
the tank, thus further creating a gentle stirring action on the 
mash to expose and evaporate ethanol. 

In one aspect of the present invention, a portable integrated 
apparatus for producing and separating ethanol from mash 
includes a support frame. A mash circulating-and-fermenting 
system With ?rst pipes is adapted for connection to a mash 
fermentation tank and a pump for pumping mash along the 
?rst pipes to a Warming station having ?rst coils. An atmo 
sphere circulating system includes second pipes adapted for 
connection to the mash fermentation tank and a bloWer for 
bloWing atmosphere from the mash fermentation tank to an 
ethanol-removing station having second coils and then back 
to the mash fermentation tank. A refrigerating/heat-transfer 
system includes lines and a compressor motivating compress 
ible coolant ?uid to ?oW through the ?rst coils at the Warming 
station and through the second coils at the ethanol-removing 
station. The support frame supports portions of the ?rst and 
second pipes and also supports the refrigerating/heat-transfer 
system including the compressor, the ?rst coils, and the sec 
ond coils. In a narroWer form, the frame also supports one or 
both of the pump and the bloWer. By this arrangement, a 
portable unit is provided facilitating installation, minimiZing 
capital expenditure, minimizing the need for on-site design 
and construction, and providing ef?cient operation. 

To summariZe, an integrated apparatus is provided for pro 
ducing and separating ethanol from mash includes a mash 
circulating-and-fermenting system, an atmosphere circulat 
ing system, and a refrigerating/heat-transfer system. The 
mash circulating-and-fermenting system is con?gured and 
adapted to move mash from a fermentation tank past ?rst coils 
in a Warming station and then to move the mash back into the 
fermentation tank to facilitate mixing and fermentation. The 
atmosphere circulating system is con?gured to draW ethanol 
laden atmosphere off of the fermentation tank, move the 
ethanol-laden atmosphere past second coils in an ethanol 
removing station to Wring out an ethanol/Water mix and leave 
a remaining atmosphere, and move the remaining atmosphere 
back to the fermentation tank. The refrigerating/heat-transfer 
system has coolant ?uid and includes the ?rst coils arranged 
to use heat from the coolant ?uid to Warm mash in the Warm 
ing station and includes the second coils arranged in the 
ethanol-removing station to remove heat from the ethanol 
laden atmosphere as part of Wringing out the ethanol/Water 
mix. 

Further to summarize, a fermentation tank and recircula 
tion system includes a tank for holding fermenting mash, the 
tank including an elevated opening and a drain, and further 
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including at least one nozzle mounted in the elevated opening 
for directing mash back into the tank. A pump and pipes 
connect the pump to the drain and to the at least one nozzle, 
and a static distributer under the at least one nozzle is con?g 
ured to spread mash dispensed into the tank by the at least one 
nozzle. The static distributer is con?gured to direct portions 
of the mash against a sideWall of the tank in order to accelerate 
mixing of the fermenting mash and evaporation of ethanol 
and Water from the fermenting mash. 

Further to summarize, a method for producing and sepa 
rating ethanol from mash using modular constructions, com 
prises steps of providing a support frame, providing a mash 
circulating-and-fermenting system including ?rst pipes and 
connectors adapted for connection to a mash fermentation 
tank and a pump, providing an atmosphere circulating system 
including second pipes and connectors adapted for connec 
tion to the mash fermentation tank and a bloWer, and provid 
ing a refrigerating/heat-transfer system With lines and a com 
pressor for motivating compressible coolant ?uid to ?oW 
through the ?rst coils at the Warming station and the second 
coils at the ethanol-removing station. The method further 
includes constructing a modular unit by supporting on the 
support frame portions of the ?rst and second pipes and 
connectors, and also supporting on the support frame the 
refrigerating/heat-transfer system including the compressor, 
the ?rst coils, and the second coils, moving the modular unit 
to an installation site, and positioning a fermentation tank 
adjacent the modular unit adjacent, and then connecting the 
portions of the ?rst and second pipes and connectors With 
remaining parts of the ?rst and secondpipes and connectors to 
provide a functional system. 

Further to summarize, a method for producing and sepa 
rating ethanol from mash, comprises steps of providing an 
integrated system including a mash circulating-and-ferment 
ing system, an atmosphere circulating system, and a refriger 
ating/heat-transfer system. The method further includes oper 
ating a pump in the circulating-and-fermenting system to 
move mash from a fermentation tank to a Warming station 
With ?rst coils and then to move the mash back into the tank 
to facilitate mixing and fermentation, simultaneously operat 
ing a bloWer in the atmosphere circulating system to draW 
ethanol-laden atmosphere off of the fermentation tank, and 
then move the ethanol-laden atmosphere past second coils in 
an ethanol-removing station to Wring out an ethanol/Water 
mix and leave a remaining atmosphere, and move the remain 
ing atmosphere back to the fermentation tank, and simulta 
neously operating a compressor in the refrigerating/heat 
transfer system to move coolant ?uid from the ?rst coils in the 
ethanol-removing station Where heat is removed from the 
atmosphere as part of Wringing out the ethanol/Water mix to 
the second coils Where heat is removed from the coolant ?uid 
to Warm the mash in the Warming station. 

Notably, the pump, bloWer, and compressor can all be 
electrically driven. Further, it is contemplated that the pump, 
bloWer, and compressor can all be operated on single phase, 
and be relatively loW horsepoWer ratings, such that consump 
tion of external energy is minimized. 

To summarize further, a method for producing and sepa 
rating ethanol from mash and then further concentrating the 
ethanol comprises steps of providing an integrated system 
including a mash circulating-and-fermenting system, an 
atmosphere circulating system and a refrigerating/heat-trans 
fer system, the mash circulating-and-fermenting system 
including a ?uid tank. The method includes operating the 
integrated system With the ?uid tank ?lled With fermenting 
mash to generate and collect a ?rst mixture of ethanol and 
Water, the ?rst mixture having a ?rst concentration of ethanol. 
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14 
The method further includes emptying the mash from the 
?uid tank, putting the ?rst mixture into the second ?uid tank, 
and operating the second integrated system on the ?rst mix 
ture to generate a second mixture of ethanol and Water, the 
second mixture having an increased concentration of ethanol. 

It is to be understood that variations and modi?cations can 
be made on the aforementioned structure Without departing 
from the concepts of the present invention, and further it is to 
be understood that such concepts are intended to be covered 
by the folloWing claims unless these claims by their language 
expressly state otherwise. 

The embodiments of the invention in Which an exclusive 
property or privilege is claimed are de?ned as folloWs: 

1. A method for producing and separating ethanol from 
mash, comprising steps of: 

providing an integrated system including a mash circulat 
ing-and-recirculating-and-fermenting system, an atmo 
sphere circulating system, and a refrigerating/heat 
transfer system; 

operating a pump in the circulating-and-recirculating-and 
fermenting system to move mash from a fermentation 
tank to a Warming station With ?rst coils and then to 
move the mash back into the fermentation tank to facili 
tate mixing and fermentation; 

operating a bloWer in the atmosphere circulating-and-re 
circulating system to draW ethanol-laden atmosphere off 
of the fermentation tank, and to move the ethanol-laden 
atmosphere past second coils in an ethanol-removing 
station to Wring out an ethanol/Water mixture to leave a 
remaining atmosphere, and to move the remaining atmo 
sphere back to the fermentation tank; and 

operating a compressor in the refrigerating/heat-transfer 
system to move coolant ?uid from the ?rst coils in the 
ethanol-removing station Where heat is removed from 
the atmosphere as part of Wringing out the ethanol/Water 
mixture and to move the coolant ?uid to the second coils 
Where heat is removed from the coolant ?uid to Warm the 
mash in the Warming station. 

2. The method de?ned in claim 1, including operating each 
of the pump, the bloWer, and the compressor electrically. 

3. The method de?ned in claim 1, including operating the 
pump, bloWer, and compressor all on an electrical source of 
single phase electrical poWer. 

4. The method de?ned in claim 1, including dispensing 
mash into the fermentation tank from a top of the fermenta 
tion tank When moving the mash back into the fermentation 
tank. 

5. The method de?ned in claim 4, including providing at 
least one distributer at the top of the fermentation tank, and 
pumping the mash through the distributer to distribute the 
mash being returned to the fermentation tank. 

6. The method de?ned in claim 5, including operating the 
distributer to spread at least part of the mash against sideWalls 
of the fermentation tank. 

7. The method de?ned in claim 1, including extending a 
batch cycle time of the integrated system by adding fresh 
mash into the fermentation tank. 

8. The method de?ned in claim 4, including continuously 
recirculating mash and continuously recirculating the atmo 
sphere. 

9. The method de?ned in claim 1, further including a step 
of collecting spent mash and feeding it to livestock. 

10. The method de?ned in claim 1, further including emp 
tying the mash from the fermentation tank; 

putting the ethanol/Water mixture into the fermentation 
tank; and 
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operating the integrated system on the ethanol/Water mix- positioning the fermentation tank adjacent to the modular 
ture to generate a second mixture of ethanol and Water, unit, and connecting the fermentation tank to the modu 
the second mixture having an increased concentration of lar unit to provide a functional system. 
ethanol When compared to the ethanol/Water mixture. 12. The method de?ned in claim 11, Wherein the step of 

11_ The method de?ned in Claim 1’ further including; 5 constructing the modular unit includes supporting one or both 
of the pump and the bloWer on the support frame. 

13. The method de?ned in claim 12, including supporting 
both of the pump and bloWer on the support frame. 

constructing a modular unit by supporting on a support 
frame the refrigerating/heat-transfer system including 
the compressor, the ?rst coils, and the second coils; 

moving the modular unit to an installation site; and * * * * * 


